It has long been known that the clinical manifestations of lesions in the nervous system produced by lead are diverse and may simulate the symptoms of various chronic neurological diseases. This suggested to early workers that lead might be an aetiological agent in such diseases.
Later, the failure to demonstrate the presence of other features of classical lead poisoning such as colic, anaemia, and basophilic stippling of the red cells in these conditions, and any correlation with exposure to an occupational hazard, demanded the modification of the original theory, and there remained the possibility that lead ingested in subtoxic amounts may eventually produce these chronic, atypical forms of poisoning.
Disseminated sclerosis is a particular example. The old theory championed by Oppenheim that lead is the causative factor was revived in a modified form by Cone, Russel, and Harwood (1934) , who suggested that the demyelination is produced by lead which is mobilized from skeletal deposits before relapse. They put forward analytical results in support of this view. Lead was detected in the cerebrospinal fluid of six out of eight patients with this disease, and was-estimated in the faeces and urine and also in the spinal cord of another patient. Their results for cerebrospinal fluid are not in agreement with those of Rabinowitch, Dingwall, and Mackay (1933) and Boshes (1935) .
However, with the advent of more accurate and sensitive analytical methods it was realized that the findings of Cone and others were of no aetiological significance since similar amounts of lead may occur in most normal human fluids and tissue " as an inevitable consequence of life on a lead-bearing planet" (Kehoe, Thamann, and Cholak, 1933) .
A new light was thrown on human demyelinating diseases by the discovery that swayback, a similar disease of lambs, was associated either with a dietary deficiency of copper or with a defect in its utilization by the nervous system, and could be prevented by the administration of copper to the pregnant ewe. Since the incidence of the disease tended to follow the geological occurrence of lead in Derbyshire and the sheep were found to have absorbed abnormal amounts of this metal from their diet, it was suggested that lead might be involved in the production of the disease (Innes and Shearer, 1940; Shearer and McDougall, 1944) . This view has never been confirmed. Campbell, Herdan, Tatlow, and Whittle (1950) reported that teeth from patients with disseminated sclerosis contained on the average a significantly higher concentration of lead than was present in the teeth of normal healthy people. They discovered a high incidence of this disease in a village where the concentration of " acetic acid soluble lead" in the garden soil was high, though the well water was not contaminated, and concluded that lead might be an aetiological factor in some cases, perhaps by antagonizing the utilization of an essential metal.
However, large skeletal deposits of lead do not necessarily indicate intoxication since they are themselves physiologically inert. The possibility that the physiological changes accompanying chronic diseases may promote the deposition of metals in the skeleton should be borne in mind, This is illustrated by the increased deposition of zinc in teeth in tuberculosis (Cruickshank, 1940) .
Cases of lead myelopathy with symptoms closely similar to those of disseminated sclerosis have been described by Cone and others, by Williams (1939) , and by Campbell and others. The diagnosis was based on the finding of a high concentration of lead in the fluids or tissues and the recognition of a hazard. Other points of similarity between the two conditions are the frequent increase in the concentration of cerebrospinal fluid proteins and the lowering of the platelet count (literature cited by Campbell and others) .
Analogous theories of the production of acute transverse myelitis (quoted by Campbell and others) and of toxaemia of pregnancy (Letonoff, Reinhold, 119 Riggs, and Cohn, 1940) in certain people may be quoted, and the analysis of tissue taken at necropsy has given some support to such speculation. Hansmann and Perry (1940) , from their study of the relative concentrations of lead in liver and rib, concluded that lead which has been mobilized from skeletal deposits may act as an unrecognized factor in many diseases, although it may not be possible to trace any abnormal exposure. Riggs, Letonoff, and Reinhold (1944) The dangers of de-leading treatment after lead poisoning have been much discussed and are relevant to this problem. Aub (1935) drew attention to the possibility that the mobilized lead may not be excreted but may circulate and be redeposited, and Kehoe (quoted by Gray, 1935) has emphasized the danger of redeposition in the nervous system.
It is apparent that this theory of the aetiology of disseminated sclerosis and other neurological conditions is only supported by circumstantial evidence, yet it has never been satisfactorily dismissed, and a direct investigation using a reliable analytical method was undertaken to fulfil an obvious need. The postulated mobilization of lead from the skeleton in toxic quantities must inevitably produce an increase in the amount of lead in circulation and this may result in an increased excretion. Accordingly the concentration of lead in the blood and cerebrospinal fluid of various patients and their urinary excretion of lead was determined. Information on the magnitude of skeletal deposits of lead in certain patients was obtained by the analysis of biopsy specimens of tibia and of teeth. The urinary excretion of coproporphyrin was also studied, since de Langen and ten Berg (1948) had shown that its elevation is an early sign of the absorption of abnormal amounts of lead, and it was argued that it should also be a sensitive indication of lead mobilization.
The estimation of lead in post-mortem specimens of tissue taken from people whose diagnosis is beyond doubt is obviously essential, yet apart from the single analysis of spinal cord recorded by Cone and others (1934) (1) and (2) as a therapeutic trial measure and to provide a possible means of assessing the deposits of lead in soft tissue by observing its effect on urinary lead excretion.
Analytical Methods Determination of Lead.-An absorptiometric " dithizone " micro-method which is more sensitive, convenient and selective than most previous methods was developed for these investigations and will be published in detail elsewhere (Butler and Irving, 1952) .
Its sensitivity is such that an analysis can be performed on 20 ml. of urine, 5 ml. of blood, 5-10 ml. of cerebrospinal fluid, 400 mg. of dried soft tissue or 100 mg. of dried bone after " wet " ashing.
The utilization of the reversion technique introduced by Irving, Andrew, and Risdon (1948, 1949) , besides eliminating several of the impractical requirements of most published methods, viz. a standard solution of this notoriously unstable reagent and a rigid control of the pH of extraction and the concentration of other coloured species present, enables an efficient separation of lead from up to ten times as much bismuth to be achieved.
The possibility of interference from bismuth is of considerable importance in investigations of this nature. While the traces of this metal which are present in most normal human fluids and tissues may not be sufficient to lead to significant errors if they are not removed, the presence of bismuth cannot be safely ignored when dealing with tissue samples, particularly bone, from hospital patients, since it is the basis of many pharmaceutical preparations such as may be prescribed for disseminated sclerosis.
The precautions taken to minimize contamination by adventitious traces of lead followed current practice, and blanks in the region of 0-2 ,g. were consistently obtained.
All the glass apparatus was of Pyrex, and was specially cleaned before use with caustic soda solution and concentrated nitric acid (boiling where possible) and then rinsed thoroughly with tap, distilled, and lead-free, glass-distilled water. Stainless steel needles used for the collection of blood were cleaned by boiling with dilute acetic acid and rinsing with water as described above.
Concentrated acids, ammonia, and carbon tetrachloride (A.R. grade) were redistilled in all Pyrex apparatus, and salts (A.R. grade) were purified by extracting their aqueous solutions with a carbon tetrachloride solution of dithizone.
Collection of Specimens.-Urine was collected over 24 hours rather than over shorter periods, since Webster (1941) and Kehoe (1947) have shown that there is a marked diurnal variation in urinary lead excretion. It was passed into a Pyrex 2-or 3-1. bottle with the aid of a funnel where necessary. Any precipitates were dissolved by the addition of hydrochloric acid before samples were taken for analysis.
Blood was collected by venipuncture in an ungreased Pyrex syringe and then expelled into a Pyrex tube provided with a stopper and containing a little solid ammonium citrate as an anticoagulant. Cerebrospinal fluid was taken by lumbar puncture with a stainless steel needle and collected in a Pyrex tube after discarding the first few drops.
Large samples of soft tissue were taken at necropsy in the normal way and afterwards uncontaminated specimens were removed from the interior of these samples with specially cleaned instruments and placed in metalfree Pyrex dishes. Pyrex glass instruments were used for E.D., W.W., T.A., and M.B. while those employed for taking the other specimens were made of stainless steel.
Discs of tibial cortex weighing 1-2 g. were removed with a trephine and placed in metal-free Pyrex tubes. The teeth analysed were all unfilled, and, since the distribution of lead in teeth is unknown, only whole, non-carious specimens were collected. They were put into metal-free Pyrex tubes immediately after extraction and washed with hot, metal-free water.
All tissue was dried by vacuum desiccation and heating at 110°C.
Estimation of Coproporphyrin in Urine.-The method was essentially that of Schwartz, Hawkinson, Cohen, and . The coproporphyrin in a 100-ml. sample of urine (less for patients with lead poisoning) was extracted with an ether-acetic acid mixture and after separation from other porphyrins was estimated fluorimetrically using a Pulfrich photometer under ultra-violet light and safranin as a standard (Jope and O'Brien, unpublished) .
Results and Discussion The results obtained are given for individual subjects in Tables I-IV and VI, and in Tables V and  VII are collectively compared with the normal ranges established by other workers who used less refined methods of comparable accuracy for estimating lead.
The neurological cases (groups 1 and 2) will now be considered in relation to the possibility of lead poisoning or an abnormal absorption or mobilization of lead. The severe disability of some of these patients limited the number of specimens which could be studied.
There was in no case either a history of colic or vomiting or evidence of anaemia or abnormal basophilic stippling of the red cells. An unusual exposure to lead could be traced for only two patients, F.F. and F.R., and both had disseminated sclerosis. The former had been a painter but his urinary excretion of lead (50 ,ug./24 hrs.) was similar to that of other patients (Table I) . F.R. had been exposed to lead dust in a car factory for three months just tefore the onset of symptoms. The concentration of lead in a sample of cerebral white matter obtained at necropsy nine years later was not abnormally high (Table VI) .
Urinary Excretion of Lead.-The excretion of more than 100 ,g. of lead in 24 hours is taken as (Table III) and the patients with lead colic (Table IV) .
Past workers have shown that an abnormal urinary lead excretion is the first sign of abnormal absorption, occurring before an elevation in coproporphyrin excretion (Johnson and Whitman, 1950) and blood lead concentration (Kehoe, Thamann, and Cholak, 1935 Lead in Blood.-Lead has been found in the blood of normal unexposed subjects in concentrations up to 89 ,ug./100 ml. (Table V) , and, according to Cantarow and Trumper (1944) , the majority have concentrations below 60 tig./100 ml. As with urinary lead excretion there is no definite threshold value at which symptoms of poisoning appear in exposed people. The patients with lead colic had concentrations of 85 to 96 tig./100 ml. when showing symptoms, and after clinical remission the two patients investigated showed values of 65 and 62 utg./100 ml. (Table IV) . Six weeks afterwards when their blood films were normal these levels had fallen to 44-56 ,ug./100 ml. Two subjects with unusual exposure showed values within this range (Table III) .
The highest concentration found in a neurological patient (Tables I and II) (Table IV) Patients with normal blo~od 353-1,960
44-56 -film after Pb colic (Table   IV) (The figures given in brackets are average values) (Schwartz, Hawkinson, Cohen, and Watson, 1947) . It has been established that in lead poisoning a great increase in the excretion of coproporphyrin III occurs, due probably to a disturbance in the synthesis of haemoglobin. Waldman and Seideman (1950) and Maloof (1950) have recently confirmed the observation of de Langen and ten Berg that with exposure to lead the urinary coproporphyrin excretion becomes abnormal long before haematological changes and symptoms appear.
The coproporphyrin excretion of two of the patients with lead colic was determined and was much more abnormal than their lead excretion (Table IV) Hijman (1935) which are considerably higher than those of all other workers. Campbell and others (1950) (Table VI) . The values for tibial cortex show no regular variation with age or the duration of the disease.
In Table VIII the concentration limits for lead in the blood and tissues of the two groups of subjects expressed in p.p.m. fresh weight, are compared. In calculating these values it was assumed that the specific gravity of blood was 1-06 and the water content (w/w) of the tissues was as follows:-brain and spinal cord, 85 %; other soft tissue, 80 %; bone, 66%; and teeth, 10% (Hansmann and Perry).
It is obvious that there had been no significant accumulation of lead in the cerebral white matter and spinal cord. It had been retained to some extent by the liver and deposited in much larger concentrations in the skeleton, particularly in the teeth, as is normal. The values obtained for these concentrations are not consistent with the finding of Campbell and others of abnormal deposits of lead in teeth in disseminated sclerosis.
Thus the analysis of tissue taken at necropsy has shown that in at least four cases lead had not been directly responsible for the production of the lesions of disseminated sclerosis and provided no evidence of any abnormality in the distribution of lead between the skeleton and soft tissue in this disease. Copper and zinc have also been estimated in these specimens, and these results will be presented in a separate communication together with a description of the cases and the post-mortem findings. Summary With an improved analytical method it was found that patients with disseminated sclerosis showed no significant difference from those with other chronic neurological diseases as regards their urinary excretion of lead and its concentration in the blood, cerebrospinal fluid, and tibial cortex, which in all cases was within the normal limits.
Patients with confirmed lead poisoning were studied for comparison and showed that an abnormally high urinary excretion of lead and coproporphyrin is maintained long after clinical remission and the disappearance of haematological changes. The coproporphyrin excretion of the two groups of neurological patients was not significantly different and with a few exceptions was within the normal range.
The injection of neurological patients with B.A.L. consistently produced an increase in urinary lead excretion (usually two-to fourfold). This response in terms of increased lead excretion bore no apparent relation to the diseases studied, nor did its magnitude indicate the presence of abnormal amounts of lead in circulation and soft tissue.
The lead content of necropsy samples of tissue, including brain and spinal cord, obtained from subjects whose diagnosis of disseminated sclerosis was confirmed histologically showed that lead was not responsible for the lesions in these people and that there had been no mobilization of lead from the skeleton.
It is concluded that the studies reported do not support the view that lead plays a part in the aetiology of disseminated sclerosis and certain other chronic diseases of the nervous system.
